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Abstract
Distributed generator (DG) resources are small, self contained electric generating plants that can provide power to homes,
businesses or industrial facilities in distribution feeders. By optimal placement of DG we can reduce power loss and improve the
voltage profile. However, the values of DGs are largely dependent on their types, sizes and locations as they were installed in
distribution feeders. The main contribution of the paper is to find the optimal locations of DG units and sizes. Index vector method is
used for optimal DG locations. In this paper new optimization algorithm i.e. flower pollination algorithm is proposed to determine
the optimal DG size. This paper uses three different types of DG units for compensation. The proposed methods have been tested
on 15-bus, 34-bus, and 69-bus radial distribution systems. MATLAB, version 8.3 software is used for simulation.
© 2016 Electronics Research Institute (ERI). Production and hosting by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Distribution system is that part of the power system which connects the high voltage transmission system to low
voltage consumers. 70% of the total losses are occurring in the primary and secondary distribution system, while the
remaining 30% in transmission and sub transmission lines. Distribution losses are 15.5% of the generation capacity
whereas the target level is 7.5%. Therefore the primary and secondary distribution system must be properly planned
to ensure losses within the tolerable limits.Distribution systems have more losses and poor voltage regulation. Almost 13% of the generated power is wasted
as I2R  losses. Loss reduction in distribution systems by applying the optimization methods is the current potential area
of research. The basic requirements of a good distribution system are good voltage profile, availability of power on
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emand and reliability. The efficiency of the distribution system can be improved by adopting reactive power compen-
ation, network reconfiguration, distributed generation and hybrid methods. Each method has its own advantages and
isadvantages.
Distributed generators are commonly used to provide the real and reactive power compensation in distribution
ystems. However, DG unit installation in distribution networks requires an appropriate location and size. Thus,
ptimal placement plays an important role in minimizing the losses through proper installation and sizing which can
e achieved by using optimization techniques.
Hung et al. (2014) presented a methodology for the integration of dispatchable and non-dispatchable renewable
istributed generation (DG) units for minimizing annual energy losses. Jalali et al. (2014) presented a new multi-
tage model, based on the mixed integer nonlinear programming (MINLP) approach, to determine the optimal sub-
ransmission system expansion planning (SSEP). This model considers the placement of distributed generation (DG)
nits in distribution networks over the planning periods.
Gopiya Naik et al. (2013) proposed sensitivity based simultaneous optimal placement of capacitors and DG. In
his paper analytical approach is used for sizing. Injeti and Prema Kumar (2013) developed simulating algorithm for
ptimal placement of DG units. Kansal et al. (2013) in this paper uses particle swarm optimization algorithm is used
or DG allocation. The results obtained are promising when capered to analytical method. Kayal and Chanda (2013)
roposed a new constrained multi-objective particle swarm optimization (PSO) based wind turbine generation unit
WTGU) and photovoltaic (PV) array placement approach for power loss reduction and voltage stability improvement
f radial distribution system.
Alonso et al. (2012) proposed a generalized optimization formulation is introduced to determine the optimal location
f distributed generators to offer reactive power capability. Junjie et al. (2012) proposed a dynamic model of distributed
eneration in the smart grid, based on environmental compensation costs, traditional DG capacity cost, DG operation
nd maintenance costs, purchased power cost and network loss cost. Aman et al. (2012) proposed a golden section search
GSS) algorithm for distributed generator (DG) placement and sizing for distribution systems based on a novel index. A
ovel combined genetic algorithm (GA)/particle swarm optimization (PSO) is presented in Moradi and Abedini (2012)
or optimal location and sizing of DG on distribution systems. Improved group search optimizer (iGSO) is proposed in
his paper (Kang et al., 2012) by incorporating particle swarm optimization (PSO) into group search optimizer (GSO)
or optimal setting of DGs.
Singh and Goswami (2010) presented new methodology based on nodal pricing for optimally allocating distributed
eneration for profit, loss reduction, and voltage improvement including voltage rise phenomenon. A value-based
ethod is proposed in Teng et al. (2007) to enhance the reliability and obtain the benefits for DG placement. An
nalytical approach based on exact loss formula has been presented in Acharya et al. (2006) to find the optimal size
nd location of DG however voltage constraint has not been considered.
Different types of the DG’s can be characterized as
Type I DG capable of injecting real power only. For instance, photovoltaic, micro turbines, fuel cells which are
integrated to the main grid with the help of converters/inverters are good examples of type I, if they are
running at unity power factor.
Type II DG capable of injecting reactive power only to improve the voltage profile fall in type-II DG, e.g. kvar
compensator, synchronous compensator, capacitors, etc.
Type III DG capable of injecting both real and reactive power, e.g. synchronous machines (cogeneration, gas turbine,
etc.).
ype IV DG capable of injecting real but consuming reactive power, e.g. induction generators used in the wind farms.
In this paper new optimization algorithm i.e. flower pollination algorithm (FPA) is used for sizing of DGs. In this
aper type-I, type-II and type-III DG’s are considered for optimal placement. Optimal placement problem has been
olved using flower pollination algorithm (FPA) approach by taking the exact loss formula as objective function. As
he FPA technique is a heuristic global optimization method which is based on flower pollination process.
The algorithm is new and rapidly developed for its easy implementation and few particles required to be tuned as
ompared to other heuristic approaches. The proposed technique has been tested on 15 bus, 34-bus and 69- bus systems.
he results obtained from the technique have also been compared on the basis of different types of DG units.
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Optimal  location  of  DG  based  on  index  vector  method
Index vector method has been utilized for optimal allocation of DG in radial distribution system (Murthy and
Kumar, 2013). Index vector is formulated by running the base case load flow on a given radial distribution network,
and calculating reactive component of current in the branches and reactive power load concentration at each node. In
this paper, the index vector method has been used for optimal location problem. Based on the elements of the index
vector, this method identifies a sequence of nodes to be connected with DG.
The index vector for bus n  is given by: (Murthy and Kumar, 2013)
Index(n) = 1
V  (n)2 +
Iq(k)
Ip(k) +
Qeff(n)
Total Q
(1)
where Index(n) = “Index” for nth bus; V(n) = voltage at nth bus; Iq(k) = imaginary component of current in kth branch;
Ip(k) = real component of current in kth branch; Qeff(n) = effective load at nth bus; Total Q  = total reactive load of the
given distribution system.
Thus, the potential locations of DG are obtained directly. Arrange the Index vector in descending order so that
highest priority bus will come first and the lowest priority bus will come at the end. Normalized voltage magnitudes
are calculated for all the buses by the following formula: V(i) = V(i)/0.95. Buses, whose normalized values are less than
1.01 are considered as optimal locations for optimal sizing of DGs.
The optimal locations are at bus 6, 26 and bus 61 for 15, 34 and 69-bus systems respectively since at these buses
normalized voltage is below 1.01. The flower pollination algorithm has been used for optimal sizing of DGs at these
locations.
Flower  pollination  algorithm
In this paper new optimization algorithm based on flower pollination process has been used for optimal sizing of
DG units. This algorithm was proposed by Yang et al. (2014). The objective of the flower pollination process is the
optimal reproduction of plants in terms of numbers as well as fittest. It is completely new optimization based on flower
pollination characteristics.
The idealized characteristics of flower pollination algorithm (FPA) are
1. Biotic and cross-pollination is considered as global pollination process with pollen carrying pollinators performing
Levy flights.
2. Abiotic and self-pollination are considered as local pollination.
3. Flower constancy can be considered as the reproduction probability is proportional to the similarity of two flowers
involved.
4. Local pollination and global pollination is controlled by a switch probability p  ∈ [0, 1].
Due to the physical proximity and other factors such as wind, local pollination can have a significant fraction p in
the overall pollination activities.
In reality each plant can have multiple flowers and each flower patch often release millions and even billions of
pollen gametes. However for simplicity assume that each plant only has one flower, and each flower only produce one
pollen gamete. Thus, there is no need to distinguish a pollen gamete, a flower, a plant or solution to a problem. This
simplicity means a solution xi is equivalent to a flower and/or a pollen gamete.
There are two steps i.e. global pollination and local pollination. In the global pollination step, flower pollens are
carried by pollinators such as insects, and pollens can travel over a long distance because insects can often fly and
move in a much longer range. This ensures the pollination and reproduction of the fittest, and thus we represent the
most fittest as g*. The first rule plus flower constancy can be represented mathematically as
Xt+1i =  Xti +  L(Xti −  g∗) (2)
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here Xti is the pollen i  or solution vector Xi at iteration t, and g* is the current best solution found among all solutions
t the current generation/iteration. The parameter L  is the strength of the pollination, which essentially is a step size.
ince insects may move over a long distance with various distance steps, we can use a levy flight. That is for L  > 0
rom a Levy distribution
L  ≈ λΓ  (λ)sin(
∏
λ/2)∏ 1
s1+λ
(3)
here Γ  (λ) is the standard gamma function, and this distribution valid for large steps s  > 0. Here λ  = 1.5 is used.
The local pollination, both rule 2 and rule 3 can be represented as
Xt+1i =  Xti +  ε(Xtj −  Xtk) (4)
here Xtj and Xtk are pollen from different flowers of the same plant species. This essentially mimics the flower
onstancy in a limited neighborhood. Mathematically, if Xtj and Xtk comes from the same species or selected from the
ame population, this equivalently becomes a local random walk if we draw ε  from a uniform distribution in [0, 1].
hough flower pollination activities can occur at all scales, both local and global, adjacent flower patches or flowers
n the not-so-far-away neighborhood are more likely to be pollinated by local flower pollen than those far away. In
rder to mimic this, we can effectively use a switch probability (rule 4) or proximity probability p to switch between
ommon global pollination to intensive local pollination. The flowchart of the algorithm is shown in Fig. 1. The detailed
lgorithm is as follows.
Step 1 Read line and load data of the system and solve the feeder line flow for the system using load flow method.
In this paper branch current load flow method is used.
Step 2 Find the best DG locations of the buses using the index vector based method.
Step 3 Initialize the population/solutions and itmax, proximity probability p  = 0.8, λ = 1.5. Number of DG locations
d = 1, DGmin = 60, DGmax = 3000.
Step 4 Generate the population/solutions DG sizes randomly using
Sol(i,  :) =  DGmin +  (DGmax −  DGmin) ∗ rand(1,  d) (5)
Step 5 Determine active power loss for generated population by performing load flow.
Step 6 Select the DG value which gives low loss as current best solution.
Step 7 Generate new local and global population/solutions based on p  using Eqs. (2) and (4).
Step 8 Determine the losses for updated population by performing load flow.
Step 9 Replace the current best solution with the updated values if obtained losses are less than the current best
solution. Otherwise go back to step 7.
tep 10 If maximum number of iterations is reached then print the results.
roblem  formulation
The objective of the optimal placement and sizing of DG is to minimize the active power loss in the distribution
etwork and to improve the voltage profile.
The  objective  function:
min f  =  min(TLP) (6)
here TLP is the total power loss of the radial distribution system.
Constraints:Equality constraints
Power constraints
PLoss +
∑
PDi =
∑
PDGi (7)
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Start
Initialize all variables
Pop, p, Itmax, DGmin,Dgmax,
λ
Generate rando m 
population using (5)
Is t<Itmax
Compute the best 
solut ion for ini tial 
pop (g*)
Stop  and  print the 
resul ts
If 
Rand<p
Generate new global 
pop ulation  using (2)
Generate new local  
popu lation using  
(4)
Compute the best 
solut ion  for generated 
population
Is new po p 
best
Update the pop
No
Yes
No
Yes
Yes
NoFig. 1. Flow chart of flower pollination algorithm.
Inequality constraints
Voltage constraints
|Vi min|  ≤  Vi ≤  |Vi max| i  =  1,  2,  .  . .. . .N  (8)
where PDGi is the real power generation using DG at bus i, PDi is the power demand at bus i. Vi min and Vi max are the
minimum and maximum voltages of the ith bus, respectively. In order to minimize the total power loss subjected to
the constraints given in Eqs. (7) and (8), flower pollination algorithm is developed and the results are analyzed.
Implementation  of  algorithm
The complete structure of the work to solve the optimal DG placement and sizing of the three test systems using
FFA is shown in Fig. 1. At first the total power loss is calculated from load flow method. After that place the DG and
vary the size in steps using FPA algorithm. For different DG sizes compute the losses. The procedure is repeated until
no further minimum losses from the DG placement are achieved.
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Table 1
Results for 15 bus system.
Test system Optimal
location
DG type Optimal size of different
types of DG
Active power losses Minimum voltage in p.u.
kW kVAR kVA Without
DG (kW)
With DG
(kW)
Without
DG (p.u.)
With DG
(kW)
1
I 675 – – 45.8035 0.9527
C
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i5 bus 6 61.7933 0.9445II – 682 – 45.3228 0.9544
III – – 681 29.9108 0.9607
ase  studies
imulations  results  and  analysis
In order to evaluate the proposed algorithm, three different test systems are taken from Devi and Geethanjali (2014)
nd Reddy et al. (2014). The optimum size and place of DGs for the test systems 15, 34, and 69 buses are determined
y FPA. The simulated results are tabulated and analyzed using MATLAB, version 8.3. In this work the parameters
or FPA has been taken as pop = 20, proximity probability p  = 0.8, λ  = 1.5, DGmin = 60, DGmax = 3000.
est system  1:  15  bus  system
For 15 bus system without installation of DG real, reactive power losses are 61.7933 kW and 57.2977 kVAR
espectively. This test system consists of 15 buses and 14 branches. Table 1 shows the real power losses after the
lacement of different types of DGs. From table it is inferred that using DG type III the losses are reduced more when
ompared to other type of DGs. The losses after the placement of DG type I, II and III are 45.8035 kW, 45.3228 kW
nd 29.9108 kW respectively. Also from Fig. 2 it is inferred that the voltage profile of the system is improved more
hen DG type III is used.
est system  3:  34  bus  system
For 34 bus system without installation of DG real, reactive power losses are 168.3 kW and 48.0083 kVAR respec-
ively. This test system consists of 34 buses and 33 branches. Table 2 shows the real power losses after the placement of
ifferent types of DGs. From table it is inferred that using DG type III the losses are reduced more when compared to
ther type of DGs. The losses after the placement of DG type I, II and III are 82.4297 kW, 132.9023 kW and 58.8298 kW
espectively. Also from Fig. 3 it is inferred that the voltage profile of the system is improved more when DG type III
s used.
Fig. 2. Voltage profiles of 15 bus system using different DG units.
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Table 2
Results for 34 bus system.
Test system Optimal
location
DG type Optimal size of
different types of DG
Active power losses Minimum voltage in p.u.
kW kVAR kVA Without
DG (kW)
With DG
(kW)
Without
DG (p.u.)
Without
DG (p.u.)
34 bus 26
I 2086 – –
168.3
82.4297
0.9417
0.9802
II – 1250 – 132.9025 0.9619
III – – 1675 58.8298 0.9801Fig. 3. Voltage profiles of 34 bus system using different DG units.
Test  system  4:  69  bus  system
For 69 bus system without installation of DG real, reactive power losses are 225.0446 kW and 102.2059 kVAR
respectively. This test system consists of 69 buses and 68 branches. Table 3 shows the real power losses after the
placement of different types of DGs. From table it is inferred that using DG type III the losses are reduced more when
compared to other type of DGs. The losses after the placement of DG type I, II and III are 83.2279 kW, 160.0838 kW
and 48.1969 kW respectively. Also from Fig. 4 it is inferred that the voltage profile of the system is improved more
when DG type III is used.
The plot between voltages at each bus and bus number is called the voltage profile of the system. Tables 1–3 show
the minimum voltages for with and without DGs for all the cases of 15, 34 and 69-bus test systems. In all the test
systems minimum voltage (p.u.) is more when type III DG is placed. Hence voltage profile improvement is more when
type III DG is placed, because it injects both real and reactive power.
Table 3
Results for 69 bus system.
Test system Optimal
location
DG type Optimal size of
different types of DG
Active power losses Minimum voltage in p.u.
kW kVAR kVA Without
DG (kW)
With DG
(kW)
Without
DG (p.u.)
Without
DG (p.u.)
69 bus 61
I 1873 – –
225.0446
83.2279
0.9092
0.9682
II – 1384 – 160.838 0.9277
III – – 1640 48.1969 0.9722
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onclusion
In this paper the optimum DG location and size for loss reduction and to improve voltage profile is determined
hrough the index vector method and flower pollination algorithm. Here index vector method is used to find the DG
ocations in order to minimize the search space. The optimum DG size is evaluated based on the objective function
hich minimizes the total active power loss using flower pollination algorithm. Flower pollination algorithm is new
ptimization technique which is used to find the optimum DG size. It has better convergence characteristics when
ompared to other algorithms. The simulation results indicated that the overall impact of the DG units on voltage
rofile is positive and proportionate reduction in power losses is achieved. It can be interfered that best results can be
chieved with type III DG.
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